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The objective of study was to produce ethanol using cellulolytic yeast SporidiobolusruineniaeBS-
070 and fermentative yeast Saccharomyces cerevisiaeJSAT13-2-Y249 on cassava waste. Cassava 
waste was selected as substrate for ethanol production since it contained high polysaccharide. The 
process for ethanol production was divided by two steps. First step was hydrolyses of polysaccharide 
into fermentable sugar which was performed by SporidiobolusruineniaeBS-070. The second step 
was fermentation by fermentative strain Saccharomyces cerevisiaeJSAT13-2-Y249. Very high 
fermentable sugar was achieved after 48 hours incubations, and maximum ethanol (4500 mg/L) was 
achieved after 96 hours incubation. The co-culture of SporidiobolusruineniaeBS-070 and 
fermentative yeast Saccharomyces cerevisiaeJSAT13-2-Y249 are quite promising to produce biofuel 
ethanol on cassava waste. This implies the fermentation of cassava waste will solve environmental 
problem and produce sustainable biofuel. 
 




Growing concern on declining of global fuel reserved, and awareness on the 
negative impact of fossil fuels has triggered invention on new sustainable energy source 
[1]. Microbial based biofuel production utilizing lignocellulosic materials has been 
gaining popularity [2]. Most economically viable microbial based technology utilizing 
lignocellulosic material to produce ethanol is intensively explored in the recent years. 
Current targets for improvement of cellulosic ethanol—Lignocellulose consists of three 
intermeshed polymers: cellulose, hemicellulose, and lignin. In the cell walls of 
monocotyls, cellulose fibrils occur in close association with xylans, and in dicotyls the 
cellulose fibrils are associated with xyloglucans[3]. A major obstacle to economically 
viable cellulosic ethanol is the cost of enzymes that can convert these recalcitrant 
lignocellulosic residues to their component fermentable sugars, primarily glucose and 
xylose [4]. Cellulases produced fungi are comprised of a battery of enzymes of distinct 
classes. The hydrolases have been divided into over 90 families based on folding and 
catalytic mechanisms. The endoglucanases (endo-1,4-ß-glucanases, EGs) hydrolyze 
internal bonds, leaving it open for attack by cellobiohydrolases. Cellobiohydrolases 
(exo-1,4-ß-glucanases, CBHs), cleave ß-1,4-glcosidic linkages at the ends of cellulose, 
releasing oligosaccharides including the dimer cellobiose. CBH I enzymes act at the 
reducing end of the cellulose polymer, and CBH II releases cellobiose from the non-
reducing end. ß-glucosidases (BGL) catalyze the conversion of cellobiose and other 
oligosaccharides to glucose. In addition, hemicelluloses are hydrolyzed by xylanases, 
arabinases, and associated enzymes. Commercial cellulases used for saccharification of 
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lignocellulosic matter consist of multienzyme complexes of these components. The cost 
of production of these enzymes depends on the activity of the many enzymes involved, 
and the productivity of the microbial strains. Mixtures containing enzymes from various 
sources enhance the overall activity (Nichols, 2007). Conversion of cellulosic biomass 
to glucose and other fermentable sugars has been considered in the last few decades, 
which is an attractive route for ethanol production [5]. However, the process for the 
production of bioethanol from cellulosic materials, which requires pretreatments such as 
liquefaction and saccharification, is more complicated than its production from sugar or 
starch-based ones. Over the past few decades, for the production of bioethanol from 
cellulosic materials, the focus of previous researchers has been on the enzymatic 
hydrolysis of cellulosic biomass to fermentable sugar. Nevertheless, there are still 
several technical and economical impediments with regards to the development of 
commercial processes that utilize cellulosic biomass [6]. Technologies that will offer a 
new cost-effective alternative to overcome those impediments are being developed. 
Many different types of agricultural by-products (or agricultural wastes), such as rice 
straws, wheat straws, and corncobs, have been proposed for enzymatic hydrolysis of 
cellulosic biomass and ethanol production. Hydrolyses of agricultural waste generate 
two types of sugars: glucose and xylose [7]. Both sugars can be obtained, in monomeric 
forms, with high yield rates from the break-down of polysaccharide chains using steam 
pretreatment and subsequent enzymatic hydrolysis [8]. The monomeric glucose can then 
be fermented to ethanol with the help of Saccharomyces cerevisiae. For effective 
fermentation utilizing reducing sugar, several microbial strains such as Pichiastreptialis, 
Closteridium[9], Zymomonasmobilis have been utilized to obtain high ethanol yield. 
Since the cost of raw materials contributes substantially to the cost of ethanol 
production [5], a lower raw material price, together with a high ethanol yield and 
efficient enzymes, will decrease the production cost significantly. Microorganism 
especially fungi and yeast are popular target for research to obtaining new enzymes 
effective for hydrolyses of lignocelluloses [11]. Most of these microbes are associated 
with decaying plant matter, forest leaf litter, and soil. Those microbes could be 
important genetic resources for production of biofuels utilizing cellulosic biomass. 
Cassava waste has the potential to be utilized to produce ethanol due to its containing 
cellulose, hemi-cellulose and starch at levels of 24.99, 6.67 and 61% (w/w), 
respectively. Periderm and cortex of cassava root representing about 0.5-1,2 %, and 8-
10 % of total root biomass respectively, are commonly discarded. They could be 
valuable waste for bioenergy production. It is an ideal source of energy because it is 
both renewable and available in large quantities throughout the world. The objective 
of study was to produce sustainable bioethanol production on cassava waste using   co-
culture of SporidiobolusruineniaeBS-070 and fermentative yeast Saccharomyces 
cerevisiaeJSAT13-2-Y249. 
2. Methods 
2.1. Microorganisms and cultivation 
We selected 21 isolates of yeasts isolated from Piper bettle. The microorganism 
was grown in culture medium based on that of Kanti (Kanti  & Sudiana, 2015). It 
contained (g/l distilled water): carboxymethyl cellulose sodium salt (10); peptone (1); 
(NH4)2SO4 (2); KH2PO4 (2); urea (1); MgSO4.7H2O (0.5); CaCl2.2H2O (0.4); and 1 ml 
trace element solution (mg/l): FeSO4.7H2O (5); MnSO4.H2O (1.6); ZnSO4.7H2O (2); 
CoCl2.6H2O (2). The initial pH of the medium was adjusted to 6.5 prior to sterilization 
at 121°C for 20 min. Yeast cultures were maintain in DPY medium containing 2% (w/v) 
Dextrose, 1% (w/v) Peptone and 0.5% (w/v) Yeast extract and incubated at 25°C for 48 
h. 
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2.2. Assimilation and fermentation test 
Yeasts were cultivated in semi synthetic yeast nitrogen base (YNB) medium 
supplemented with the carbon source (1-6%) and yeast extract (0.05%), without shaking 
(standing cultures) or with shaking (100 rpm; limited aeration cultures), at different 
temperatures (30-45°C). Cultivation of standing cultures occurred in test tubes (15 cm 
height, 1.5 cm diameter, cotton closures) containing 5 ml of the medium. Limited 
aeration cultures were cultivated in conditions similar to those described earlier (Kanti 
et al., 2013). 
2.3. CMC-ase 
Activity on carboxymethyl cellulose (CMCase activity, endoglucanases (endo-1,4-
ß-glucanases, EGs)) was determined as described by Zhou (Zhou et al., 2004). A 0.25 
mL supernatant of cultures was added with 0.25 mL of a buffered (acetate buffer 0.1 
mol L−1, pH 5.0) solution of CMC 4% (w/v) (low viscosity, Sigma, St Louis, USA) at 
50◦C for 30 min. After reaction stop with 0.5 mL DNS reagent, and dilution with 6.5 
mL distilled water absorbance was read. All experiments were performed in triplicate. 
In control experiments the DNS reagent was added to the reaction mixture before 
addition of the enzyme. 
2.4. Xylanase 
Measurement of enzyme activities Xylanase activity was measured as described by 
Pederson [15]. The supernatant of cultures were tested for enzyme activities on 2 
different Azurine cross-linked (AZCL) substrates, xylan and xyloglucan (Megazyme, 
Bray, Ireland). To prepare the different AZCL assays, a stock solution with phosphoric 
acid (0.08 M) (Merck, Ortho-Phosphorsaure 85%), glacial acetic acid (0.08 M) (Merck, 
100%) and boric acid (0.08 M) (Merck) was made using double distilled water. For 
each of the above mentioned substrates, a 100 ml solution was made containing 28.8 ml 
stock solution. To prepare the different AZCL-assay, 40 ml double distilled water was 
added to 28.8 ml stock solution. The pH was adjusted to 6 and double distilled water 
was added again to give a total volume of 100 ml. Agarose, 1 g (Litex, HSB 200 Protein 
grade) was added and the solution was heated in a microwave oven until the agarose 
had dissolved. For each AZCL assay, 100 mg of azurine bound substrate was presoaked 
in 96% ethanol 10 min before use. When the agarose solution had cooled to 
approximately 65°C, the AZCL substrate was added while stirring. The suspension was 
poured into Petri dishes with a 9 cm diameter. When solidified, 15 wells with a 4 mm 
diameter were cut in the agar plates and 15 ml enzyme extract were added to each well. 
The plates were incubated for 24 h at 30°C. The activity of each enzyme was measured 
as the diameter of the zone. 
2.5. Amylase assay 
Amylase activity was determined following the methods described  by Raul  (Raul 
et al., 2014)  by determining  the amount of reducing sugar produced  (µMoll) per hour 
by 1 ml enzymes. In brief the reaction mixturecontaining 1% soluble starch, 20 mM 
phosphate buffer (pH= 7), and fermented extract was taken and incubates at 37
°
Cfor 20 
minutes followed by the addition of 3,5-dinitrosalicylicacid (DNS). The amount of the 
reducing sugar liberatedduring assay was estimated by measuring color developmentat 
540 nm by UV-VIS spectrophotometer.  
2.6. Preparation for ethanol fermentation using cassava waste 
One hundred gram of  cassava waste powder (200 mesh) was added with 0.1 M 
sodium acetate solution at a solid-to-liquid ratio of 1:10 (w/v)  then pretreated by 
autoclaving at 121°C for 60 min and the media were filtered with Whatman No. 4 filter 
paper.  Ten percent (v/v) of SporidiobolusruineniaeBS-070at inocula of 10
8
 spores/ ml 
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was inoculated into the culture medium and incubated at 37°C in an orbital shaker with 
speed of 150 rpm. Samples were withdrawn periodically from the cultures, and the 
filtrate was analyzed for soluble sugar by HPLC. The filtrate was then used for ethanol 
fermentation. 
2.7. Fermentation of cassava waste 
Inoculum was prepared by transferring 5% (v/v) of cells of Saccharomyces 
cerevisiaeJSAT13-2-Y249 into a 500 ml flask containing 100 ml of fermentation 
medium. Each ml of inocula contained 10
8 
yeast cells. The fermentation medium for 
ethanol production contained (%, w/v): cellulosic hydrolysate, 4; peptone 0.5; yeast 
extract 0.25 at pH 6.0. After inoculation the cultures were shaken at 150 rpm for 2 d and 
100 rpm thereafter and incubated at 30°C thereafter. Samples were regularly collected 
from the fermentation media and filtered through 0.45 mm Millipore membrane. 
Glucose and ethanol of the filtrate were analyzed on an HPLC system. 
3. Result and Discussion 
Prehydrolized cassava waste was converted into ethanol via two steps processes. 
The first step was hydrolyses of ethanol using cellulolytic and amylolytic yeast. Then 
the second step was fermentation of reducing sugar from saccharification stage into 
ethanol by fermentative yeast. 
3.1.Cellulase activities 
Of 15 isolates cellulolytic  yeast, belonged to 5 species: Sporidiobolusruineniae, 
Rhodosporidiumpaludigenum, Sporidiobolusruineniae, Cryptococcus rajasthanensis, 
Debaryomyceshansenii  tested, we observed Sporidiobolusruineniae BS-070  has the 
highest cellulolytic activity on CMC i.e. 3,1 Unit/ml, followed by 
Sporidiobolusruineniae BS-026   (Figure 1). This is the first report on the Sporidiobolus 
ruineniae  to produce CMC-ase. Our previous studies found that several yeast 53 strains 
(37.32%) were CMC-ase producer consist of 26 species residing within 10 genera. 
Candida was the most diverse genus consisting of 15 species. It is important to note that 
several strains residing within this genus could be candidate for new taxa, among others 
Candida aff. cylindracea PL2W1, Candida aff. insectorum PL3W6, Candida aff. 
friedrichii MKL7W3, Candida aff. lessepsii, Candida aff. tenuis. Five new candidates 
for novel species of cellulolytic yeast close to Yamadazyma mexicana: were 
Yamadazymaaff. mexicana (5 strains). Pichia, Pseudozyma, Sporodiobolus, and 
Sporobolomyces were other cellulolytic yeasts found in South East Sulawesi. It is 
obvious, that leaf litter was a good source for cellulolytic yeasts. This CMC-ase 
producing yeasts dominate this biome, and production of extracellular cellulase is 
critical strategy for such yeast to survive in cellulose rich ecosystem such as leaf-litter. 
This finding would suggest that yeasts play key role on hydrolyzes of cellulose and 
important resources for sustainable energy research [16]. The member of 
Rhodosporidium produced lipase for production of geranyl propionate using geraniol 
and propionic acid as substrates in solvent-free system led to a reaction conversion of 
42 ± 1.5%. CMC-ase and Xylanase produced by Sporotrichum thermophile grown on 
sugarcane bagasse as a sole carbon source. Activity of both enzymes as affected by 
incubation time of the reaction mixture, pH and temperature was determined. Optimum 
incubation time was 4h for CMC-ase, 40h for xylanase and optimum pH and 
temperature for both enzymes were 4.5 and 45°C respectively. Fractionation of 
extracellular enzyme proteins secreted by S. thermophile grown on bagasse and on 
cellulose powder by Polyacrylamide gel electrophoresis revealed the presence of 5 
protein fractions with CMC-ase activity in culture filtrate obtained from bagasse and 6 
fractions in case of filtrates obtained from cellulose. Xylanase was produced in presence 
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of bagasse but not in presence of cellulose and comprised four fractions indicating the 
inductive nature of the enzyme. 
 
Figure 1.Cellulase activity of Carboxymethylcellulase hydrolyzing yeast 
3.2.Amylase activity  
Of 21 isolates tested, 5 isolates were amylolytic yeast, and the highest amylase 
activity was Sporidiobolus ruineniae BS070, the second was Sporidiobolus ruineniae 
BS026 (figure 2). Earlier study by Tsuyoshi on Marcha or murcha that is a traditional 
amylolytic starter used to produce sweet-sour alcoholic drinks, commonly called jaanr 
in the Himalayan regions of India, Nepal, Bhutan, and Tibet (China). They found 
twenty yeast strains from six samples of marcha and identified by genetic and 
phenotypic methods. They were first classified into four groups (Group I, II, III, and IV) 
based on physiological features using an API test. Phylogenetic, morphological, and 
physiological characterization identified the isolates as Saccharomyces bayanus (Group 
I); Candida glabrata (Group II); Pichia anomala (Group III); and Saccharomycopsis 
fibuligera, Saccharomycopsis capsularis, and Pichia burtonii (Group IV). Among them, 
the Group I, II, and III strains produced ethanol. The isolates of Group IV had high 
amylolytic activity. Because all marcha samples tested contained both starch degraders 
and ethanol producers, it was hypothesized that all four groups of yeast (Group I, II, III, 
and IV) contribute to starch-based alcohol fermentation (Tsuyoshi et al., 2005). 
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Figure 2.Amylolytic activities of starch hydrolyzing yeast Sporidiobolus ruineniae BS-
070 
High performance amylolytic yeast strains, Candida utilis, isolated in Burkina 
Faso. Candida utilis has the highest diameter of starch hydrolysis (24 mm) and the 
optimal enzymatic activity (1248 µMol. minute
-1
). Optimal growth parameters of this 
strain were 30°C, pH 5; under these conditions, 5 g of starch/liter of medium were used 
for biomass production in an incubator at 150 rpm for 72 hours. The maximal biomass 
and protein content were obtained after 36 and 40 hours of incubation and were 5.65 g/l 
of medium and 0.53 g/g of dry weight respectively [18]. 
3.3.Reducing sugar production by cellulolytic and amylolytic yeast  
Sterilized cassava waste hydrolyzed by Sporidiobolus ruineniae BS-070. This 
strains produce cellulose and amylase (Figure 1, and 2). This strain produced the highest 
reducing sugar after 48 hours incubation (Figure 3). We used this incubation time as 
optimum sacchariphication time. Amylolytic and cellulolytic yeasts have been used to 
produce ethanol for more than a decade. 
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3.4.Ethanol Production by mixed cultures 
After inoculation of saccharified with Saccharomyces cerevisiae JSAT13-2-Y249 
significant amount of ethanol was produced starting from 48 hours incubation, and 
maximum after 96 hours incubation (Figure 4). 
Yeast strains capable of fermenting starch and dextrin to ethanol were reported by 
Laluceet al., (1988) from samples collected from Brazilian factories in which cassava 
flour is produced. Considerable alcohol production was observed for all the strains 
selected. One strain (DI-10) fermented starch rapidly and secreted 5 times as much 
amylolytic enzyme than that observed for Schwanniomyces alluvius UCD 54-83. This 
strain and three other similar isolates were classified as Saccharomyces cerevisiae var. 
diastaticus by morphological and physiological characteristics and molecular taxonomy 
[19].  
A total of fifteen yeast strains were isolated from natural sources including fruits, 
soil, molasses, honey and a variety of indigeneous fermented foods. Screening of these 
strains for growth, ethanol production and glucoamylase activity led to selection of a 
yeast strain SM-10 identified as Saccharomyces cerevisiae having maximum 
glucoamylase activity (80 units ml(-1)) and ethanol production from starch (3.5%). 
Ethanol production from wheat flour was found to be 1.75% which could be increased 
to 5.2% after treatment of wheat flour with pepsin, diastase and glucoamylase[20]. 
To develop novel yeasts with high starch-to-ethanol productivity, Liao et al., 2010 
constructed two cell-surface-engineered flocculent Saccharomyces cerevisiae strains; 
one co-displaying glucoamylase and α-amylase on the cell surface and the other 
displaying glucoamylase and secreting α-amylase into the culture medium. With starch 
as the carbon source, both yeast strains grew faster under aerobic conditions than strains 
displaying only glucoamylase. In fed-batch fermentation of ethanol, these recombinant 
yeasts co-expressing sequential amylolytic enzymes also showed higher starch 
decomposition and ethanol production abilities than yeast cells displaying only 
glucoamylase, with the concentration of ethanol produced reaching 60 g/l after 
approximately 100 h fermentation under anaerobic conditions. Both co-display and 
secretion of α-amylase are thus effective in improving ethanol production from starchy 
materials in glucoamylase-displaying yeast [21]. 
To develop novel yeasts with high starch-to-ethanol productivity, we constructed 
two cell-surface-engineered flocculent Saccharomyces cerevisiae strains; one co-
displaying glucoamylase and α-amylase on the cell surface and the other displaying 
glucoamylase and secreting α-amylase into the culture medium. With starch as the 
carbon source, both yeast strains grew faster under aerobic conditions than strains 
displaying only glucoamylase. In fed-batch fermentation of ethanol, these recombinant 
yeasts co-expressing sequential amylolytic enzymes also showed higher starch 
decomposition and ethanol production abilities than yeast cells displaying only 
glucoamylase, with the concentration of ethanol produced reaching 60 g/l after 
approximately 100 h fermentation under anaerobic conditions.  
Ethanol fermentation characteristics of the 100% respiratory-deficient nuclear petite 
amylolytic Saccharomyces cerevisiae NPB-G strain was investigated in both shake-
flask and controlled bioreactor cultivation conditions, and comparison with the earlier 
reported results revealed 54.6% increase in ethanol yield. Efforts to improve the starch 
utilization rate by increasing the selection pressure or supplying the fermentation 
medium with glucose did not prevent the observed decrease in time-dependent 
amylolytic activity. Response surface methodology (RSM) was then used as a statistical 
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tool to optimize the initial yeast extract and starch contents of the medium, which 
resulted in a substantial increase in the stability of the expression plasmid in both the 
respiratory-deficient NPB-G and the parental respiratory-sufficient WTPB-G strains, 
with concomitant improvement in their amylolytic potentials. High ethanol yields on 
substrate values of the bioreactor cultures, which were very close to the theoretical 
yield, indicated that the amylolytic respiratory-deficient NPB-G strain was effective in 
the direct fermentation of starch into ethanol [22] 
Ethanol production by a coculture of Saccharomyces diastaticus and 
Saccharomyces cerevisiae 21 was 24.8 g/l using raw unhydrolysed starch in a single-
step fermentation. This was 48% higher than the yield obtained with the monoculture of 
S. diastaticus (16.8 g/l). The maximum ethanol fermentation efficiency was achieved 
(93% of the theoretical value) using 60 g/l starch concentration. In another coculture 
fermentation with of Endomycopsis capsularis and S. cerevisiae 21, maximum ethanol 
yield was 16.0 g/l, higher than the yield with the monoculture of Endomycopsis 
capsularis. In batch fermentations using cocultures maximum ethanol production 
occurred in 48 h of fermentation at 30°C using 60 g/l starch. Fermentation efficiency 
was found lower in a two-step process using  α-amylase and glucoamylase-treated 
starch [23]. 
Wheat bran, generated from the milling of wheat, represents a promising feedstock 
for the production of bioethanol. This substrate consists of three main components: 
starch, hemicellulose and cellulose. The optimal conditions for wheat bran hydrolysis 
have been determined using a recombinant cellulase cocktail (RCC), which contains 
two cellobiohydrolases, an endoglucanase and a β-glucosidase. The 10% (w/v, 
expressed in terms of dry matter) substrate loading yielded the most glucose, while the 
2% loading gave the best hydrolysis efficiency (degree of saccharification) using 
unmilled wheat bran. The ethanol production of two industrial amylolytic 
Saccharomyces cerevisiae strains, MEL2[TLG1-SFA1] and M2n[TLG1-SFA1], were 
compared in a simultaneous saccharification and fermentation (SSF) for 10% wheat 
bran loading with or without the supplementation of optimised RCC. The recombinant 
yeast S. cerevisiae MEL2[TLG1-SFA1] and M2n[TLG1-SFA1] completely hydrolysed 
wheat bran's starch producing similar amounts of ethanol (5.3 ± 0.14 g/L and 5.0 ± 0.09 
g/L, respectively). Supplementing SSF with RCC resulted in additional ethanol 
production of about 2.0 g/L. Scanning electron microscopy confirmed the effectiveness 
of both RCC and engineered amylolytic strains in terms of cellulose and starch 
depolymerisation. This study demonstrated that untreated wheat bran could be a 
promising ready-to-use substrate for ethanol production. The addition of crude 
recombinant cellulases improved ethanol yields in the SSF process and S. cerevisiae 
MEL2[TLG1-SFA1] and M2n[TLG1-SFA1] strains can efficiently convert wheat bran's 
starch to ethanol [24]. 
Mixed cultures of Bacillus amyloliquefaciens MIR-41 and Zymomonas mobilis Flo-
B3 showed a 2.5 fold increase in α-amylase production, and a 20 times fold decrease in 
ethanol production compared with pure cultures. Enhanced α-amylase production by B. 
amyloliquefaciens in mixed cultures after 24 h could be attributed to the lack of 
repression in the synthesis of α-amylase by ethanol and protease inhibition by the pH of 
the culture medium [25]. 
The alcoholic beverage parakari is a product of cassava (Manihot esculenta Crantz) 
fermentation by Amerindians of Guyana. While fermented beverage production is 
nearly universal among indigenous Amazonians, parakari is unique among New World 
beverages because it involves the use of an amylolytic mold (Rhizopus sp., Mucoraceae, 
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Zygomycota) followed by a solid substratum ethanol fermentation. The mycological 
significance of this dual fermentation process previously was unrecognized. A detailed 
study of parakari fermentation was made in the Wapisiana Amerindian village of 
Aishalton, South Rupununi, Guyana. Thirty steps were involved in parakari 
manufacture, and these exhibited a high degree of sophistication, including the use of 
specific cassava varieties, control of culture temperature and boosting of Rhizopus 
inoculum potential with purified starch additives. During the fermentation process, 
changes in glucose content, pH, flavor, odor and culture characteristics were 
concomitant with a desirable finished product. Parakari is the only known example of 
an indigenous New World fermentation that uses an amylolytic mold, likely resulting 
from domestication of a wild Rhizopus species in the distant past. Parakari production is 
remarkably similar to dual fermentations of Asia, yet it was independently derived [26]. 
 
Figure 4. Ethanol production on fermented of pre-hydrolyzed cassava waste Earlier 
study used wheat bran (WB), as feedstock for fermentation into bioethanol.  
Ethanol production include starch in the bran hydrolyzed by amylolytic enzymes. 
The fibrous material remaining was further hydrolyzed. Acid hydrolysis, heat 
pretreatment followed by enzymatic hydrolysis and direct enzymatic hydrolysis were 
compared in terms of total sugar yield and pentose sugar yield. The maximum total 
sugar yield was achieved when small amounts of acid were added at the pretreatment 
step prior to enzymatic hydrolysis. This form of pretreatment released most pentosans 
and significantly enhanced the hydrolysis of cellulose. The overall sugar yield of this 
combined hydrolysis method reached 80% of the theoretical and it consisted of 13.5 g 
arabinose, 22.8 g xylose and 16.7 g glucose per 100 g starch-free bran [27]. This implies 
that prehydrolyses is necessary to increase fermentable sugar to increase ethanol 
production. 
Amylolytic yeasts were co-cultured with an amylolyticB. subtilis VB2. The 
simultaneous saccharification and fermentation was used to produce ethanol from raw 
starch of damaged quality wheat and sorghum grains. Various concentrations of 
damaged wheat and sorghum starch from 10% to 30%W/V were used and 25% was 
found to be optimum for damaged wheat and sorghum starch yielding 4.40%V/V and 
3.50%V/V ethanol respectively. Whereas 25% raw starch of fine quality wheat and 
sorghum grains gave an yield of 5.60%V/V and 5.00%V/V respectively. The process 
was carried out at 35 °C, 5.8 pH and 200 rpm for 4 days [28]. 
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Cassava (Manihot esculenta Crantz) pulp, produced in large amounts as a by-
product of starch manufacturing, is a major biomass resource in Southeast Asian 
countries. It contains abundant starch (approximately 60%) and cellulose fiber 
(approximately 20%). To effectively utilize the cassava pulp, an attempt was made to 
convert its components to ethanol using a sake-brewing yeast displaying glucoamylase 
on the cell surface. Saccharomyces cerevisiaeKyokai no. 7 (strain K7) displaying 
Rhizopus oryzae glucoamylase, designated strain K7G, was constructed using the C-
terminal-half region of α-agglutinin. A sample of cassava pulp was pretreated with a 
hydrothermal reaction (140 °C for 1 h), followed by treatment with a Trichoderma 
reesei cellulase to hydrolyze the cellulose in the sample. The K7G strain fermented 
starch and glucose in pretreated samples without addition of amylolytic enzymes, and 
produced ethanol in 91% and 80% of theoretical yield from 5% and 10% cassava pulp, 
respectively [29]. 
Consolidated bioprocessing (CBP), which integrates enzyme production, 
saccharification and fermentation into a one step process, is a promising strategy for the 
effective ethanol production from cheap lignocellulosic and starchy materials. CBP 
requires a highly engineered microbial strain able to both hydrolyze biomass with 
enzymes produced on its own and convert the resulting simple sugars into high-titer 
ethanol. Recently, heterologous production of cellulose and starch-degrading enzymes 
has been achieved in yeast hosts, which has realized direct processing of biomass to 
ethanol. However, essentially all efforts aimed at the efficient heterologous expression 
of saccharolytic enzymes in yeast has involved laboratory strains and much of this work 
has to be transferred to industrial yeasts that provide the fermentation capacity and 
robustness desired for large scale bioethanol production. Specifically, the development 
of an industrial CBP amylolytic yeast would allow the one-step processing of low-cost 
starchy substrates into ethanol [30]. 
Cassava flour (CF) was dissolved in water to reach 315.4g/l dry matter, and then 
the mixture was liquefied at 80°C for 90min by using alpha-amylase (3532AAU/kg CF) 
and beta-glucanase (2812U/kg CF). SSF of liquefied mash of cassava was performed at 
30°C with the simultaneous addition of two glucoamylases (Distillase ASP at 
540GAU/kg CF and Amigase Mega L at 0.035% w/w), active dry yeast (1.5 x10
7
 
cells/l), urea (12mM) and KH2PO4 (4mM). Under these conditions, the SSF process 
finished after 72h. The ethanol content achieved 17.2% v/v corresponding to 86.1% of 
the theoretical ethanol yield at lab scale and decreased to 16.5% v/v corresponding to 
83.6% of the theoretical ethanol yield at pilot scale. Therefore, the SSF of cassava flour 
under VHG condition could have a great potential for the ethanol industry in Vietnam 
and South East Asia [31]. 
Cassava starch production waste (cassava pulp) has been proposed as a high 
potential ethanolic fermentation substrate due to its high residual starch level and the 
small particle size of the lignocellulosic fibers. Saccharification of the residual starch 
from a 3% (w/v) dry weight basis (DS) of cassava pulp by α-amylase (100°C, 10 min) 
and glucoamylase (60°C, 2 h) resulted in a glucose yield of 22.6 g/l 67.8% (w/w) DS of 
cassava pulp and in lignocellulosic fibers at 0.5 g/g DS cassava pulp. Pretreatment of 
the lignocellulosic fiber with dilute sulfuric acid and calcium hydroxide at 121°C, 15 
lb/in2 for 30 min increased and decreased, respectively, its susceptibility to cellulase 
hydrolysis. Under the optimal conditions found, pretreatment of 6% (w/v) DS 
lignocellulosic fiber by 2% (w/v) H2SO4 for 30 min, followed by saccharification by 
cellulase (40°C, 9 h), yielded a glucose level of 26.6 g/l 79.8% (w/w) DS of the cassava 
pulp. The starch and lignocellulosic fiber hydrolysates obtained from 30 g cassava pulp 
and 60 g H2SO4 pretreated lignocellulosic fiber were fermented by Saccharomyces 
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cerevisiae, without the need for (NH4)2SO4 supplementation, to yield ethanol levels of 
9.9 and 11.9 g/l, respectively, after 48 h [32]. 
Cassava (Manihotes culenta Crantz) pulp, produced in large amounts as a by-
product of starch manufacturing, is a major biomass resource in Southeast Asian 
countries. It contains abundant starch (approximately 60%) and cellulose fiber 
(approximately 20%). To effectively utilize the cassava pulp, an attempt was made to 
convert its components to ethanol using a sake-brewing yeast displaying glucoamylase 
on the cell surface. Saccharomyces cerevisiae Kyokai no. 7 (strain K7) displaying 
Rhizopus oryzae glucoamylase, designated strain K7G, was constructed using the C-
terminal-half region of α-agglutinin. A sample of cassava pulp was pretreated with a 
hydrothermal reaction (140°C for 1 h), followed by treatment with a Trichoderma reesei 
cellulase to hydrolyze the cellulose in the sample. The K7G strain fermented starch and 
glucose in pretreated samples without addition of amylolytic enzymes, and produced 
ethanol in 91% and 80% of theoretical yield from 5% and 10% cassava pulp, 
respectively [29]. 
A comparison study on the ethanol production from 20% (w/v) of unhydrolyzed 
raw cassava starch using Saccharomyces cerevisiae and Candida tropicalis was 
performed and compared with the commercialized ragitapai. The findings showed that 
S. cerevisiae, C. tropicalis and ragitapai produced 23, 20 mg/l and 26 g/l of ethanol in 
72 h, respectively. Subsequent coculturing of the two best performing strains namely 
ragitapai and S. cerevisiae were performed to improve ethanol production and to reduce 
the accumulation of inhibitory concentration of reducing sugar with 10% (w/v) 
unhydrolyzed raw cassava starch. The coculture of ragitapai with S. cerevisiae using the 
unhydrolyzed raw starch in a single step-fermentation produced an ethanol 
concentration of 35 g/l when the starch was inoculated with ragitapai and cocultured 
with S. cerevisiae. The yield was 46% higher than the one inoculated with ragitapai 
only (24 g/l). The glucose concentration was maintained at a low concentration in the 
coculture medium as compared to the medium with pure ragitapai. The findings 
suggested that coculture of ragitapai with S. cerevisiae is capable of enhancing the 
ethanol production and prevention of the inhibitory [33]. 
A newly isolated strain Penicillium sp. GXU20 produced a raw starch-degrading 
enzyme which showed optimum activity towards raw cassava starch at pH 4.5 and 
50°C. Maximum raw cassava starch-degrading enzyme (RCSDE) activity of 20 U/ml 
was achieved when GXU20 was cultivated under optimized conditions using wheat 
bran (3.0% w/v) and soybean meal (2.5% w/v) as carbon and nitrogen sources at pH 5.0 
and 28 °C. This represented about a sixfold increment as compared with the activity 
obtained under basal conditions. Starch hydrolysis degree of 95% of raw cassava flour 
(150 g/l) was achieved after 72 h of digestion by crude RCSDE (30 U/g flour). Ethanol 
yield reached 53.3 g/l with fermentation efficiency of 92% after 48 h of simultaneous 
saccharification and fermentation of raw cassava flour at 150 g/l using the RCSDE (30 
U/g flour), carried out at pH 4.0 and 40 °C. This strain and its RCSDE have potential 
applications in processing of raw cassava starch to ethanol [34]. 
To achieve high ethanol production, genetic engineering is very important tool [35]. 
They did genetic manipulation  to produce Glucoamylase produced by amylolytic 
strains of Saccharomyces cerevisiae (var. diastaticus) adding a starch binding domain 
that is present in homologous glucoamylases from Aspergillusniger and other 
filamentous fungi. [35]. By this thy can produce higher ethanol using the manipulated 
strain. We obtained xylanolytic and cellulolytic yeast Sporidiobolus ruineniae BS-070 
that has ability to hydrolize polysaccharide of cassava waste. 
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Biofuel production has been promoted to save fossil fuels and reduce greenhouse 
gas (GHG) emissions. However, there have been concerns about the potential of biofuel 
to improve energy efficiency and mitigate climate change. Le et al., 2013 investigates 
energy efficiency and GHG emission saving of cassava-based ethanol as energy for 
transportation. They calculated energy and GHG balances for a functional unit of 1 km 
of road transportation using life-cycle assessment and considering effects of land use 
change (LUC). Based on a case study in Vietnam, the results show that the energy input 
for and GHG emissions from ethanol production are 0.93 MJ and 34.95 g carbon 
dioxide equivalent per megajoule of ethanol respectively. The use of E5 and E10 as a 
substitute for gasoline results in energy savings, provided that their fuel consumption in 
terms of liter per kilometer of transportation is not exceeding the consumption of 
gasoline per kilometer by more than 2.4% and 4.5% respectively. It will reduce GHG 
emissions, provided that the fuel consumption of E5 and E10 is not exceeding the 
consumption of gasoline per kilometer by more than 3.8% and 7.8% respectively. The 
quantitative effects depend on the efficiency in production and on the fuel efficiency of 
E5 and E10. The variations in results of energy input and GHG emissions in the ethanol 
production among studies are due to differences in coverage of effects of LUC, 
CO<inf>2</inf> photosynthesis of cassava, yields of cassava, energy efficiency in 
farming, and by-product analyses [36]. We produce ethanol from cassava waste which 
implies that application of this technology will reduce GHG emission. 
4. Conclusion 
The co-culture of Sporidiobolus ruineniae BS-070 and fermentative yeast 
Saccharomyces cerevisiae JSAT13-2-Y249 produce biofuel high ethanol on cassava 
waste. This implies the fermentation of cassava waste will solve environmental problem 
and produce sustainable biofuel. 
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